Activation of the cellular DNA damage response (DDR) is an important determinant of cell sensitivity to cisplatin and other chemotherapeutic drugs that eliminate tumor cells through induction of DNA damage. It is therefore important to investigate whether alterations of the DNA damage-signaling pathway confer chemoresistance in cancer cells and whether pharmacologic manipulation of the DDR pathway can resensitize these cells to cancer therapy. In a panel of oral/laryngeal squamous cell carcinoma (SCC) cell lines, we observed deficiencies in DNA damage signaling in correlation with cisplatin resistance, but not with DNA repair. These deficiencies are consistent with reduced expression of components of the ataxia telangiectasia mutated (ATM)-dependent signaling pathway and, in particular, strong upregulation of Wip1, a negative regulator of the ATM pathway. Wip1 knockdown or inhibition enhanced DNA damage signaling and resensitized oral SCC cells to cisplatin. In contrast to the previously reported involvement of Wip1 in cancer, Wip1 upregulation and function in these SCC cells is independent of p53. Finally, using xenograft tumor models, we showed that Wip1 upregulation promotes tumorigenesis and its inhibition improves the tumor response to cisplatin. Thus, this study reveals that chemoresistance in oral SCCs is partially attributed to deficiencies in DNA damage signaling, and Wip1 is an effective drug target for enhanced cancer therapy. Mol Cancer Ther; 11(11); 1-9. Ó2012 AACR.
Introduction
Radiation and most chemotherapeutic drugs exert their toxicity to tumor cells primarily through induction of DNA damage, which halts cell proliferation and induces cell death. One such genotoxic drug commonly used for chemotherapy is cisplatin, or cis-diamminedichloroplatinum(II). Cisplatin was first approved by the U.S. Food and Drug Administration (FDA) in 1978 for the use in testicular and ovarian cancers. Over decades, cisplatin and other platinum-based analogs have become important weapons battling against a wide variety of cancers, including testicular, breast, ovarian, lung, and oral cancers. Cisplatin delivers initial success with partial responses and disease stabilization in many patients, but unfortunately, its clinical usefulness is ultimately limited by the fact that a majority of cancer patients will eventually develop resistance to cisplatin, leading to tumor recurrence (1, 2) . Upon cellular absorption and processing, cisplatin binds DNA and causes DNA strand crosslinking. This form of DNA lesion is then sensed by a cellular surveillance mechanism, generally termed "the DNA damage response (DDR)," which ultimately determines cell fate through coordinated activation of various downstream pathways. It has been therefore widely anticipated that future delineation of the DDR pathway holds a key to better understanding of chemoresistance and development of more efficacious cancer treatments (3) .
As a conserved mechanism evolved by eukaryotic cells to govern genomic integrity, the DDR encompasses various lesion-specific DNA repair pathways and a sophisticated signaling network. DNA damage signaling subsequently activates either the DNA damage checkpoint to arrest cell-cycle progression, or apoptosis to eliminate the damaged cell. At the center of DNA damage signaling are the phosphoinositide 3-kinase-related kinases (PIKK), ATM and ATR. Activation of ATM and Rad3-related (ATR) by DNA damage in turn results in phosphorylation of dozens of physiologic substrates that control various pathways of DNA repair, checkpoint control, apoptosis, and transcription (4) . For example, ATM and ATR activate the checkpoint kinases, Chk1 and Chk2, which then phosphorylate and inactivate Cdc25, a regulator of cyclindependent kinases (Cdk) required for Cdk activation and cell-cycle progression. Moreover, ATM and ATR phosphorylate a histone H2A variant, H2AX, at the site of DNA damage. Phosphorylated H2AX (g-H2AX) then recruits a number of DDR factors onto damaged chromatin to facilitate DNA repair and checkpoint signaling. Despite functional similarities, ATM and ATR are activated through distinct mechanisms. ATM activation is promoted by the heterotrimeric complex Mre11/Rad50/Nbs1 that may directly recognize DNA double-strand breaks (5, 6), whereas ATR is activated through binding to replication protein A-coated ssDNA and TopBP1 (7, 8) . Both ATM and ATR have been implicated in the cellular response to cisplatin (9) (10) (11) .
As DDR signaling relies largely on kinase cascades and protein phosphorylation, it is not surprising that recent studies started to reveal important involvement of Ser/ Thr phosphatases in this pathway (12) . One of the beststudied examples is the wild-type p53-induced phosphatase 1 (Wip1). It has been shown that expression of Wip1 is induced after DNA damage in a p53-dependent manner. Upon induction, Wip1 functions as a homeostatic regulator of the DDR by dephosphorylating multiple S/TQ sites of ATM, Chk1, Chk2, p53, g-H2AX that are targeted by ATM/ATR. Wip1-dependent dephosphorylation leads to deactivation of these DDR factors, thus allowing cells to turn off the DDR signaling pathway and resume cell proliferation (reviewed in refs. 12, 13). Interestingly, Wip1 has been shown to be amplified or overexpressed in a number of human cancers, including breast cancer, neuroblastoma, and ovarian cancer. The oncogenic role of Wip1 has been well demonstrated both in vitro and in vivo, particularly for breast cancer. Overexpression of Wip1 promotes cell growth and transformation induced by Ras or other oncogenes, whereas Wip1 depletion suppresses mammary tumorigenesis (reviewed in refs. 13, 14) .
The ultimate outcome of the DDR could be either cell survival or death-if the cell successfully repairs DNA damage, it would turn off the DDR and return to cell proliferation, whereas failure of DNA repair leads to programmed cell death. Under normal circumstances, such a well-balanced mechanism ensures genomic integrity, yet at the same time, avoids excessive cell loss. However, in tumor cells treated with radiotherapy or chemotherapy, DNA repair and cell survival attenuate the killing effect of the treatment and lead to undesired therapeutic outcomes. Cisplatin-induced DNA damage is repaired by nucleotide-excision repair (NER) and other repair pathways, and upregulation of genes involved in these pathways, including ERCC1, POLH, BRCA1, and BRCA2, has been shown to render tumor cells resistant to cisplatin treatment (1) . Notably, the relationship between the DNA damage checkpoint pathway and tumor resistance to cisplatin is less understood, and perhaps also more complicated in nature. On one hand, checkpoint activation allows time for DNA repair and may thereby contribute to cell survival, but on the other hand, the same signaling pathway may induce cell death or senescence to confer a better treatment outcome. In this study, we sought to investigate the potential connection between the DDR signaling pathway and cisplatin response in a panel of well-characterized oral/laryngeal squamous cell carcinoma (SCC) cell lines (15) . We observed deficient DNA damage signaling in some SCC cell lines, resulting from both reduced expression of genes in the ATM-dependent checkpoint pathway, and upregulation of Wip1, the negative regulator of DNA damage signaling. The deficiency in DNA damage signaling is correlated with chemoresistance to cisplatin, but not with DNA repair. Importantly, knockdown or inhibition of Wip1 resensitizes the cisplatinresistant cells in vitro and in vivo, suggesting exciting opportunities for combinatorial therapy.
Materials and Methods

Cell culture
Human oral/laryngeal SCC cell lines were obtained from Dr. Thomas Carey (University of Michigan, Ann Arbor, MI) in 2010 and 2011. These cell lines were previously characterized genetically and morphologically (15, 16) , and have not been retested and authenticated in the present study. Cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM, Sigma) supplemented with 10% FBS (Sigma). To measure cell sensitivity to cisplatin, cells were treated with cisplatin at indicated concentrations, and incubated for 1 to 4 days. The numbers of viable cells were counted using a hemocytometer. Lentiviral vectors expressing control nontargeting or Wip1 short hairpin RNAs (shRNA) were purchased from Sigma and used to infect cells following the protocol recommended by the manufacturer.
Immunoblotting
Immunoblotting was conducted as described previously (17, 18) . Anti-ATM, Mre11, H2AX, g-H2AX, Chk1, phospho-Chk2, phospho-ATR (Ser-428), p53 antibodies were purchased from Cell Signaling; anti-b-actin antibody was obtained from Abcam; anti-Smc1, Wip1, and phospho-Smc1 antibodies were purchased from Bethyl. The intensity of band signals was measured using NIH Image-J software.
Comet assay
A modified comet assay was conducted to measure DNA cross-link induced by cisplatin (19) . Exponentially growing cells were treated with 16.7 mmol/L cisplatin in DMEM medium for 2 hours at 37 C. Cells were washed with PBS buffer and the medium replaced with fresh DMEM and incubated for 24 hours to allow repair. Cells were treated with H 2 O 2 (250 mmol/L) for 15 minutes before collection to expose DNA cross-links. Cells were then trypsinized, washed, and plated in 0.65% low melting agarose. The agarose was allowed to solidify, and slides were incubated in lysis solution (2.5 mol/L NaCl, 100 mmol/L EDTA, 10 mmol/L Trizma base, pH 10.0) containing 1% Triton X-100 at 4 C for 2 hours. Slides were then washed with ice-cold water, and transferred to an electrophoresis tank containing room temperature alkaline solution (50 mmol/L NaOH, 1 mmol/L disodium EDTA, pH > 12.3) for 30 minutes incubation. Electrophoresis was carried out for 10 minutes at 1 V/cm. The slides were removed and incubated in neutralizing solution (0.4 mol/L Tris-HCl, pH 7.5) for 10 minutes.
Slides were stained with propidum iodide (25 mg/mL) and washed 5 minutes in ice-cold water to remove excess stain. Images were captured at Â10 magnification using a Carl Zeiss Axiovert 40 CFL inverted microscope equipped with a mercury lamp. Fifty cells per sample were analyzed for the level of DNA cross-link by comparing the tail moment of the cisplatin/H 2 O 2 -treated cells to the untreated samples. Percentage decrease in tail moment (%DTM) was calculated with the formula
Â 100, where TM c is the mean tail moment of the untreated control, TM h is the mean tail moment of the H 2 O 2 control (representing no crosslink), and TM dh is the mean tail moment of the drug/ H 2 O 2 -treated sample.
Xenograft tumor model
Athymic nude mice were purchased from NIH and housed at the animal facility at the UNMC College of Dentistry. SCC cells were implanted into 6-week-old female mice by a single subcutaneous injection of tumor cells (2 À 6 Â 10 5 cells in 100 mL of sterile PBS). The growth rates of tumors were determined by daily monitoring of tumor volume with vernier calipers [tumor volume ¼ 1/2 (length Â width
2 )]. Upon completion of the study, the mice were euthanized, and their tumors were removed and weighed immediately. To test how tumors respond to chemotherapy, once the tumor size reached 50 mm 3 , cisplatin (5 mg/kg mouse), arsenic trioxide (10 mg/kg), and CCT007093 (2 mg/kg) were administered intraperitoneally every day for 5 days. Tumor size was monitored daily. Ten days after the initial treatment, the mice were euthanized, and tumors were removed and weighed. The volume of the tumor was compared among all experimental groups. Data were analyzed using an unpaired 2-tailed Student t test to determine the statistical significance.
Results
Altered DNA damage signaling in oral SCC cells
Activation of the DDR by cisplatin and other chemotherapeutic drugs involves complex signaling pathways composed of numerous proteins, such as ATM, Mre11, Chk1, and Smc1. We compared gene expression of multiple DDR factors in a panel of oral SCC cell lines in comparison to a nontumorigenic control keratinocyte cell line HaCaT, and observed reduced expression of ATM, Mre11, and H2AX in UM-SCC-11B and -38 cells (Fig. 1A) . In comparison, other DDR factors, including Chk1, Smc1, and ATR, are expressed to comparable levels in all cell lines (Fig. 1A) . We further examined the expression of a negative regulator of the DNA damage checkpoint, Wip1, which has been shown to dephosphorylate and deactivate ATM, H2AX, and other DDR factors. As shown in Fig. 1B , we detected strong upregulation of Wip1 in UM-SCC-11B and -38 cells. Consistent with the reduced expression of ATM, Mre11, H2AX, and enhanced expression of Wip1, activation of DNA damage signaling in UM-SCC-11B and -38 cells is significantly impaired in response to cisplatin, as judged by reduced phosphorylation of Smc1, H2AX, and ATM (Fig. 1C) . In contrast, ATR is efficiently phosphorylated in SCC-11B and -38 cells (Fig. 1C) .
Deficient DDR correlates with cisplatin resistance but not with DNA repair
Interestingly, UM-SCC-11B and -38 cells that harbor impaired DDR signaling are more resistant to cisplatin. As shown in Fig. 2A and B, HaCaT and oral SCC cells exhibit varying sensitivities to cisplatin. UM-SCC-23 and -81B cells are generally as sensitive to cisplatin as the control HaCaT cells; UM-SCC-1 and -10B cells are considerably more resistant than HaCaT cells; whereas UM-SCC-11B and -38 cells are the most resistant to cisplatin. We then sought to determine the capacity of DNA repair in UM-SCC-11B and -38 cells. As shown in previous studies, DNA strand cross-link induced by cisplatin can be measured using the comet assay (19) . Surprisingly, no repair deficiency was found in UM-SCC-11B and -38 cells when compared with the control HaCaT cell (Fig. 2C ).
p53-independent upregulation of Wip1
It has been shown that expression of Wip1 is induced by wild-type p53 after DNA damage (20) . However, despite that previous studies discovered homozygous mutations of p53 in UM-SCC-11B and -38 cells (21), we observed strong upregulation of Wip1 in these cells (Fig. 1B) . Upon further examination of p53 status in UM-SCC-11B and -38 cells, we found that no p53 expression can be detected with or without cisplatin treatment (Fig. 3) . Thus, the constitutive expression of Wip1 in these cells indicates Wip1 upregulation in a p53-and DNA damage-independent manner.
Wip1 suppression sensitizes UM-SCC-11B cells to cisplatin
To investigate whether Wip1 upregulation contributes to chemoresistance in UM-SCC-11B cells through DDR regulation, we sought to knockdown Wip1 expression using 2 lentiviral shRNA vectors. Both shRNA vectors partially reduced the level of Wip1 expression, and consequently, enhanced DDR signaling, as measured by Smc1 phosphorylation in response to cisplatin (Fig. 4A) . Importantly, cell viability after cisplatin treatment was significantly reduced by Wip1 knockdown, indicating that chemoresistance in these cells is partially caused by Wip1 overexpression (Fig. 4B) .
Recent studies have shown that the phosphatase activity of Wip1 can be suppressed by specific inhibitors, including arsenic trioxide (As 2 O 3 ) and CCT007093 (CCT; 22, 23). Like Wip1 knockdown, inhibition of Wip1 by arsenic trioxide or CCT augmented DDR signaling, as judged by cisplatin-induced phosphorylation of Smc1 (Fig. 4C) . Moreover, the treatment with either arsenic trioxide or CCT led to a significant increase in cell sensitivity to cisplatin, as measured by cell viability (Fig. 4D) .
In vivo tumor growth of UM-SCC-11B cells is impaired by Wip1 knockdown
Implantation of SCC cells, including UM-SCC-11B cells, leads to formation of subcutaneous tumors in nude mice. Interestingly, UM-SCC-11B cells harboring knockdown of Wip1 expression exhibited reduced potential of tumor formation compared with the parental UM-SCC-11B cells (Fig. 5A ). Tumors were excised and weighted at the end of the experiment, and Wip1 knockdown consistently A, SCC and HaCaT cells were incubated with cisplatin at various concentrations for 4 days. Cell viability was determined as described in Materials and Methods and normalized to that without cisplatin treatment. The concentration of cisplatin that inhibits 50% cell growth (IC50) was calculated for each cell line. B, SCC and HaCaT cells were incubated with cisplatin at 3.3 mmol/L and incubated for 1 to 4 days. Cell viability was determined and normalized to that of the first day. C, HaCaT, UM-SCC-11B, and UM-SCC-38 cells were treated with cisplatin (16.7 mmol/L) for 2 hours to induce DNA cross-link and then incubated for 24 hours for repair. The DNA repair capacity in these cells was assessed using a modified comet assay as described in Materials and Methods. Representative images of the comet assay are shown. The graph is based on 3 independent experiments with at least 50 cells per sample in each experiment.
Phospho -Chk2 the tumor size by more than one-half (Fig. 5B) . Our results suggest a partial addiction of these cells to Wip1 upregulation during tumorigenesis.
In vivo inhibition of Wip1 for cancer therapy
Prompted by our results showing that Wip1 knockdown or inhibition in cell culture sensitized UM-SCC-11B cells to cisplatin (Fig. 4) , we sought to explore the potential of Wip1 inhibition for chemosensitization using the xenograft tumor model. We implanted UM-SCC-11B cells into nude mice to form tumors, and allowed tumors to reach 50 mm 3 in volume. We then administered cisplatin and/or arsenic trioxide intraperitoneally every day for 5 days. As shown in Fig. 6A , although treatment with either cisplatin or arsenic trioxide as a single therapeutic agent moderately reduced the rate of tumor growth, the combination treatment using both cisplatin and arsenic trioxide exhibited strong synergy and yielded a greatly improved treatment outcome in shrinking tumors (Fig.  6A) . Moreover, the combination treatment is well tolerated as judged by the animal viability and weight (data not shown).
To confirm that the synergistic effect seen with arsenic trioxide in chemotherapy is at least partially due to Wip1 inhibition, we implanted UM-SCC-11B cells with or without Wip1 knockdown into nude mice, and conducted the above described therapeutic treatment using cisplatin. Interestingly, Wip1 knockdown also sensitized the cells to cisplatin as judged by decreased tumor weight (Fig. 6B) . The enhanced tumor response to cisplatin observed with Wip1 knockdown is seemingly less profound than that seen with arsenic trioxide treatment, which may reflect the fact that only a partial knockdown of Wip1 expression was achieved. However, it should be noted that arsenic trioxide can simultaneously target other cellular pathways that contribute to cisplatin sensitization (24) . Finally, we examined the effect of CCT for chemosensitization using the xenograft tumor model. Unfortunately, in our experiments, the use of CCT was limited to low concentrations because of animal lethality, suggesting very limited therapeutic window using this inhibitor. Nevertheless, like arsenic trioxide or Wip1 knockdown, the use of CCT also improved the efficacy of cisplatin (Fig. 6C) .
Discussion
Like other forms of radiotherapy or chemotherapy, administration of cisplatin causes DNA damage and activates the cellular DDR pathway. In this study, we report that in some oral/laryngeal SCC cell lines, expression of several DDR factors, including ATM, Mre11, and H2AX, is significantly reduced. We showed that DDR signaling is partially defective in these cells, in correlation with chemoresistance to cisplatin. These findings are in line with several previous studies in head and neck cancer. For example, Parikh and colleagues have previously shown that partial loss of the chromosome 11q21-23 region that harbors Mre11, ATM, and H2AX genes frequently occurs in oral SCCs (25) . Although the sensitivity of these cells to cisplatin was not examined, the authors reported that these cells exhibit decreased sensitivity to ionizing radiation in clonogenic survival assays (25) . Moreover, independent studies discovered reduced ATM expression in a portion of head and neck cancer cases, in correlation with more aggressive clinicopathologic features (26, 27) . Thus, although ATM deficiency has been shown to cause hypersensitivity to DNA damage, as characterized in ataxia telangiectasia cells (4), our study is consistent with a number of others in patients and Fig. 2A) . Cell viability was determined as described in Materials and Methods. C, UM-SCC-11B cells were treated with cisplatin, CTT, and As2O3 as indicated, and analyzed by immunoblotting. D, cells in C were incubated with cisplatin at various concentrations for 4 days (as in Fig. 2A ). Cell viability was determined as described in Materials and Methods. animal models indicating that loss of ATM correlates with resistance to chemotherapy and poor patient survival (25, (28) (29) (30) (31) (32) . It is plausible that ATM can differentially affect how tumors respond to chemotherapy depending on their genetic background, such as p53 status (28) .
In the study by Parikh and colleagues, it has also been suggested that oral SCC cells with reduced expression of ATM, Mre11, and H2AX are deficient in DNA repair, based on the observation that these cells, collectively, exhibit elevated levels of chromosomal abnormalities (25) . In the present study, we directly measured the repair efficiency in SCC cells treated with cisplatin using a modified comet assay that quantifies the presence of DNA cross-link. Interestingly, no DNA repair deficiency was detected in cells with reduced ATM, Mre11, and H2AX expression. On one hand, this finding is consistent with the fact that these cells are more resistant to cisplatin; but on the other hand, it is surprising as ATM, Mre11, and H2AX are important DDR proteins that contribute to DNA repair directly or indirectly through checkpoint activation. We speculate that this discrepancy could be because of 2 reasons: (i) redundant pathways, especially ATR-dependent signaling cascades, may compensate the loss of the ATM-dependent pathway and sustain the checkpoint and repair functions; and (ii) key repair genes involved in NER or other repair mechanisms could be increased to allow cell survival after cisplatin treatment. Further clarifications of these aspects are potentially important as these efforts may reveal new drug targeting strategies that exploit the differential requirement of certain DDR pathways in normal and cancer cells to selectively sensitize the cancer cells to chemotherapy.
In addition to the reduced expression of ATM, Mre11, and H2AX, we discovered in the cisplatin-resistant SCC-11B and -38 cells simultaneous upregulation of Wip1. Wip1 is a homeostatic regulator of the DDR that dephosphorylates and deactivates numerous DDR factors of the ATM-dependent signaling pathway (13) . Therefore, Wip1 upregulation in oral cancer cells indicates an effective mechanism to modulate DDR signaling. Wip1 was originally defined as a p53 substrate gene whose expression is induced by DNA damage in a p53-dependent manner (20) . However, in UM-SCC-11B and -38 cells, we found that expression of Wip1 is neither induced by DNA damage nor dependent on p53. Thus, the elevated and constitutive expression of Wip1 in oral SCCs is attributed to other mechanisms. Interestingly, several recent studies in breast and lung cancer cells also suggested p53-independent upregulation of Wip1 expression (33) (34) (35) . Clearly, the underlying mechanism of this regulation and its involvement in tumorigenesis should be investigated in the future.
We then sought to determine the functional relevance of Wip1 upregulation in oral/laryngeal SCC cells. Wip1 knockdown reduced in vivo tumor growth of UM-SCC-11B cell, suggesting a partial addiction of these tumor cells to Wip1 upregulation. To our knowledge, this is the first evidence that functionally characterizes an involvement of Wip1 in head and neck cancer tumorigenesis. Importantly, Wip1 knockdown enhanced ATM-dependent signaling pathway and rendered cells more sensitive to cisplatin treatment. These results suggest a therapeutic potential of Wip1 targeting in conjunction with cisplatin treatment in oral SCCs that are deficient in ATM-dependent DDR signaling pathway and resistant to cisplatin. Notably, the increased cisplatin-sensitivity resulted from Wip1 depletion or inhibition is clearly independent of p53, as UM-SCC-11B cells harbor a mutant p53 whose expression is completely suppressed. This is a surprising finding as the current understanding of the role of Wip1 in cancer progression and treatment is largely centered at its connection with p53. It has been shown in the normal cellular context that Wip1 expression is induced by p53, which is itself a key substrate of Wip1-mediated dephosphorylation and deactivation. Breast tumors with Wip1 overexpression rarely contain mutations in the p53 gene, suggesting that Wip1 may promote tumorigenesis largely through p53 inhibition (13) . Moreover, several recent studies have suggested that Wip1 inactivation sensitized cancer cells to chemotherapy through p53-dependent apoptosis pathways (36) (37) (38) . It has also been shown that downregulation of Wip1 enhanced chemosensitivity only in tumor cells with wt-p53, whereas, in comparison, Wip1 downregulation was completely ineffective in p53-deficient tumor cells (39) . Thus, our results extend the current knowledge about the role of Wip1 in cancer progression and therapy, and strongly argue for further examination into the therapeutic potential of Wip1 targeting in p53-negative tumors. On the basis of these results, we propose an involvement of a p53-independent cell death pathway(s) that accounts for the tumor response to cisplatin, whereas activation of this pathway is negatively regulated by Wip1. Our results suggest that p53 status does not adequately determine the therapeutic potential of Wip1 targeting, and p53-dependent apoptosis alone may not serve as an exclusive readout for the efficacy of chemotherapy. This notion is in line with earlier findings showing that the wild-type status of p53 is not positively correlated or even negatively correlated with chemosensitivity in oral SCCs (21, 40) . Recent studies have identified several chemical inhibitors of Wip1, including arsenic trioxide (As 2 O 3 ) and CCT007093 (22, 23) . Historically described in traditional Chinese medicine, arsenic trioxide has been shown to possess anticancer activity, and approved by the FDA for the treatment of acute myeloid leukemia (41) . The potential use of arsenic trioxide in brain, breast, ovarian, prostate, and many other types of cancers, either as a monotherapeutic agent or in combination with other anticancer drugs, has been increasingly implicated (reviewed in refs. 24, 42) . A recent study discovered that arsenic trioxide exerts its antiproliferative activity at least partially through Wip1 inhibition (22) . CCT was recently identified as a potent inhibitor of Wip1 that selectively induces cell death in human breast cancer cells with Wip1 overexpression (23) . In this study, we directly evaluate the therapeutic potential of these Wip1 inhibitors as conjunctive treatments with cisplatin. Excitingly, our study showed that both arsenic trioxide and CCT exhibited strong synergy with cisplatin in oral SCCs. In cell culture, the combinatorial treatments led to elevated DDR signaling and decreased cell viability compared with treatment with cisplatin alone; and in xenograft tumor models, the combinatorial treatments more effectively shrunk the tumor. The use of CCT exhibited certain toxicity to the animal, which limits the therapeutic potential for this inhibitor in its current form. In comparison, the combination treatment using arsenic trioxide and cisplatin did not cause more animal lethality or weight-loss in host mice compared with treatment with cisplatin alone, suggesting good drug tolerance. The effect of CCT and arsenic oxide is conferred largely through Wip1 inhibition because: (i) CCT and arsenic oxide were shown to inhibit Wip1 (22, 23) ; (ii) both CCT and arsenic oxide enhanced DNA damage signaling, consistent with their role in inhibiting Wip1; (iii) CCT and arsenic oxide-induced effects are similar to that observed with Wip1 knockdown. Our results thus validate Wip1 inhibition as an attractive strategy to confer cisplatin sensitization in oral SCCs, especially those with deficient DDR to cisplatin. This 
